The relative merits of a potent tiarcotic and a spinal analgesic to affect the stress response to a standard operation have been assessed. Forty-five fit patients scheduled for abdominal hysterectomy were allocated at random to three groups, referred to as standard (i.v. anaesthesia alone), spinal (spinal plus i.v. anaesthesia) and fentanyl (fentanyl plus i.v. anaesthesia) groups. In the doses used, fentanyl produced the most effective attentuation of the cardiovascular, hormonal and metabolic responses to stress, but had the disadvantage of prolonged respiratory depression. Spinal anaesthesia gave only a modified blockade of the response to stress and did ndt obtund the reponse to intubation.
Since most of the commonly used i.v. induction agents do not possess analgesic properties their use in total i.v. anaesthesia may result in problems from the unsuppressed response to stress (Clarke, 1970; Hall et al., 1978; Wood, 1978) . Attempts to measure the stress response to surgery show that cardiovascular, biochemical and hormonal changes are involved (Savege, 1978) .
Analgesia during operation can be provided by potent narcotics or, in appropriate circumstances, by spinal or extradural analgesia. The relative merits of these have not been assessed as regards their ability to obtund the stress response to a standard operation. This piper reports a comparison of the effects of total i.v. anaesttiesia alone, with this technique supplemented by either high-dose fentanyl or spinal anaesthesia in three groups of patients undergoing abdominal hysterectomy. A preliminary report has been published by Blunnie and colleagues (1982) .
PATIENTS AND METHODS
Forty-five fit patients (ASA ( I and II) scheduled for abdominal hysterectomy, were allocated at random to three treatment groups referred to as standard (i.v. anaesthesia alone), spinal (spinal plus i.v. anaesthesia) and fentahyl (fentanyl plus i.v. anaesthesia) groups. All conionned to preset criteria for age, weight and height so that three comparable groups were obtained (table I) . The study was approved by the regional Ethics Committee and verbal consent was obtained from each patient.
A standard premedication of lorazepam 4 mg was given by mouth 2 h before surgery. In the anaesthetic room the effect of the premedication was assessed (Dundee, Moore and Nicholl, 1962) and resting arterial pressure and heart rate were recorded. Cantiulae (16s.w.g.) were inserted to each arm under local anaesthesia, for the administration of drugs and for the repeated sampling of venous blood. The standard anaesthetic technique consisted of induction with Althesin followed by the administration of pancuronium lOOjigkg" 1 to provide neuromuscular blockade and facilitate the passage of an 8-mm cuffed oral endotracheal tube. Anaesthesia was maintained with an infiision of 10% Althesin in compound sodium lactate solution B.P. The infusion rate was set at 2mlmin~1 and was adjusted according to the patient's needs. Analysis of dosage was limited to the first 40min of anaesthesia (table III) . Respiration was maintained by intermittent positive pressure ventilation with Flo 2 0.5 in nitrogen at a tidal volume of 10 ml kg" 1 at a rate of lOb.p.m. Neuromuscular blockade was reversed with a mixture of atropine 1.8 mg (3 ml) and neostigmine 5.0 mg (2 ml) at a dose of 1 ml/20 kg.
Before the induction of anaesthesia one group received a spinal anaesthetic using 1.6-2.0ml of 0.5% cinchocaine in 6% dextrose. Hypotension was prevented by infusing i.v. a solution of compound sodium lactate B.P. After ensuring that the sensory block was adequate (T10), general anaesthesia was induced as above.
The third group received fentanyl 20 pig kg" 1 given over a period of 5 min, after which anaesthesia was induced and continued as above. Arterial pressure (Riva Rocci method) and heart rate were recorded at 5-min intervals throughout all operations.
Papaveretum, given on demand, was the standard postoperative analgesic and the requirements during the first 24 h were noted.
Blood was drawn for biochemical and hormonal analyses at skin incision (zero time),and a*t 30, 60, 90, 120 min and 3, 4, 24 and 48 h. The samples were either analysed immediately (plasma glucose and free fatty acids) or separated and stored at -20 c C until the analysis could be carried out (plasma cortisol, prolactin and human growth hormone).
Plasma glucose concentration was measured on a Technicon auto-analyser II system using the glucose oxidase method. Radioimmunoassay was used to measure the concentrations of plasma cortisol (Riad et al., 1979) , prolactin (Groom, 1977) and human growth hormone (Hunter, 1976) . The concentration of free fatty acids was estimated by a colorimetric method (Duncom be, 1964) .
After the induction of anaesthesia a Salein sump, double-lumen stomach tube was passed and gastric contents emptied at time zero and at 30, 60, 90,120 and 180 min for the estimation of volume and pH.
Before skinnncision a self-retaining urinary catheter was passed and clamped. This was released on a 4-hourly basis for 24 h and urine passed directly into a bottle containing concentrated hydrochloric acid 10 ml as preservative. Urinary catecholamine concentrations were estimated from this sample and from one collected by the patient in the preceding 24h.
RESULTS
There were no significant differences between the duration of fasting, the time between premedicatioh and anaesthesia or the duration of operation in the three groups. However, the anaesthetic time was significantly prolonged in the fentanyl group because of the respiratory depressant effect of the drug (table IDTable III shows doses of Althesin administered at induction and for maintenance (for the first 40 min), and also the total dose of Althesin given, expressed as total steroid, in all three series. Dose regimen differed across the series, as this was based on the needs of the patients as judged on a clinical basis, smaller induction and maintenance doses being required in those patients pre-treated with fentanyl.
Cardiovascular system'
Figures 1 and 2 record the mean systolic arterial pressures and heart rates in the three series. For the sake of clarity the scatter of the readings is not given. In general, the diastolic pressure followed the same pattern as the systolic and is not reported.
The increases in the heart rate and systolic arterial pressure were greatest in those patients who did not have an analgesic. During the period of operation the difference between the response in the standard and the other two groups was significant (P< 0.001). In the doses used, fentanyl obtunded the hypertensive response to tracheal intubation; this occurred to a lesser degree in the spinal series. 
Biochemical indices Plasma glucose concentration.
There was a progressive increase in mean plasma glucose concentration in all three series, reaching a peak with the standard anaesthetic technique at 60 min and in the spinal series at 90 min ( fig. 3) . Thereafter, it decreased gradually in both series. In those patients given fentanyl the increase was less marked and did not peak until 180 min. The probability values for comparison of concentrations are given in Plasma prolactin concentration. Plasma prolactin concentration increased to a significant degree CP<0.05) with all techniques -reaching a peak at 30 min and declining thereafter ( fig. 5 ). In general, the lowest values occurred in the spinal series, but the differences between Series were not statistically significant at any time.
Plasma growth hormone concentration. There was a large between-patient variation in plasma growth hormone concentrations which were more markedly increased in the standard series than in the supplementary techniques ( fig. 6 ), the differences being significant (P< 0.02) between 30 and 180 min in the spinal series and at 30 and 120 min in the fentanyl group. Although at no time did the concentration increase in the spinal series the means did not differ significantly from those observed with fentanyl. que was accompanied by a smaller concentration than the standard technique (P<0.02). It is of interest to note that, over the time period studied, spinal analgesia was accompanied by the lowest concentrations of these substrates.
FIG. 4. Mean (± SEM) plasma cortisol concentrations (mmol litre ') in three series of patients anaesthetized with standard infusion technique alone (CD), infusion with tpinal nnnlgi-«ia (#) and infusion with a single high dose of fentanyl (•). Significance of difference between series, calculated by the
Other variables Gastric aspirate. These results were variable and inconclusive and not reported in detail. However, there was a significant increase in pH during and after operation in all groups which was accompanied by a significant decrease in volume in those patients receiving fentanyl.
Blood loss. This averaged 307 ± 41 (SEM) ml in the standard group, 165 ± 16 ml in the spinal group and 191±25ml in the fentanyl group. The blood loss was significantly decreased (F<0.05) in supplemented groups and these did not differ significantly from each other.
Analgesia. Table V shows that there was a significant difference (P< 0.002) between the times before the first analgesic was required in the three series, and a similar significant difference between the analgesic requirements. 
DISCUSSION
This comprehensive study differed from other reported series in having a standard non-analgesic technique, even to the exclusion of nitrous oxide (George et al., 1974; Brandt et al., 1976; Kehlet et al., 1979) . Table VI concisely summarizes the overall changes in plasma concentrations of the hormones or biochemical variables studied. In the doses used fentanyl produced the more effective attenuation of the stress response as defined and measured in this study. However, in operations of this duration, the moderate doses of fentanyl used did have the disadvantage that prolonged respiratory depression was observed in all the patients in that series. This may be less of a problem with other forms of anaesthesia for more prolonged operations. Some may be prepared to antagonize this depression with naloxone, but the authors did not consider this ethical, because of the coincident reversal of analgesia. In addition, naloxone is unpredictable in its duration of effect and may be followed by unexpected secondary respiratory depression.
In spite of conductive block of the afferent fibres from the operative site, spinal analgesia produced only modified blockade of the response to stress. As expected, it did not obtund the cardiovascular response to tracheal intubation. In this study, the level of sensory block was to T10 at a minimum, before general anaesthesia was induced. It is worth noting that Enquist and colleagues (1977) blocked the hyperglycaemic and cortisol responses to a similar operation with an extradural blockade extending from T4 to S5.
We have no means of knowing whether abolition or attenuation of the cardiovascular, hormonal and metabolic responses, by a suitable anaesthetic technique implies that there was a "stress-free" operative procedure.
Furthermore, one does not know whether complete attenuation is always advantageous to the patient. The cardiovascular stability which accompanies, and is probably a consequence of, the neuroendocrine blockade produced by the fentanyl technique is attractive if it can be reproduced in patients with cardiovascular disease. However, the use of this technique requires a high standard of postoperative care and a longer period in a recovery ward. Se cvaluaron los miritos relativos de un fuerte narc6tico y de un analgesico de la columna vertebral para influenciar la respuesta de tension ante una intervenci6n quinirjica tipica. Cuarenta y cinco pacientes, dispuestos para ser intervenidos de histerectomia abdominal, fueron asignados a tres grupos de forma aleatoria, denominandose los grupos como tipico (anestesia intravenosa solamente), vertebral (anestesia intravenosa y de la columna vertebral) y fentanilo (anestesia intravenosa mis fentanilo). De las dosis utilizadas, el fentanilo fue el que produjo la atenuaci6n mis efectiva de las respuestas metabdlicas, hormonal y cardiovascular ante la tension, pero present6 la desventaja de prolongar la depresi6n respiratoria. La anestesia de la columna vertebral produjo solamente un bloqueo modificado de la respuesta a la tension y no estorbo la respuesta a la intubacion.
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